This paper presents the results of a comparative study with the objective of studying the spatio-temporal variation in the abundance and richness of scarab beetles in two oak biotopes (cork oak -Quercus suber and zeen oak -Q. canariensis) of the Ouled Bechih Forest in the Souk-Ahras region of north-eastern Algeria during 2017. Two sampling techniques were used: pitfall traps and bidirectional glass traps. During the study period 6022 individuals were collected and 17 species of the family Scarabaeidae were identified. The results of nonparametric tests (Mann-Whitney U-test and Kruskal-Wallis H-test) show that there is a significant difference in abundance and richness between the two biotopes and from March to August. These two biodiversity parameters were greater in the cork oak than in the zeen oak forests. The activity of the scarab beetles was much higher in the dry season, but lower in the rainy season. The phytophagous species were most influenced by seasonality, especially in the cork oak biotopes, whereas the coprophagous ones remained relatively constant in both habitats.
INTRODUCTION
Mediterranean forests are considered to be complex and rich ecosystems, offering many habitats that host a significant entomological diversity, including beetles, an extremely diverse and important class for forest ecosystems (WIGGINS 1983 , FINNAMORE 1996 .
Scarabaeoidea are a superfamily of beetles that is widely distributed in ecosystems. With around 20 000 species, this superfamily occupies a very important part of forest ecosystems; these many taxa often have very different biological and ecological characteristics, not only in their appearance but also in the diversity of lifestyles, particularly the type of food (BRUSTEL 2000) .
Scarabaeidae is a very important family belonging to Scarabaeoidea and includes saproxylic, coprophagous and phytophagous species (BARAUD 1992) . Indeed, Scarabaeidae have a diverse diet and are known for their important role in agro-ecosystems: they clear the soil surface of organic waste, either by consuming or burying this more or less deeply into the soil in order to feed themselves or their offspring (HALOTI et al. 2006) .
For this reason, several scientists worldwide have been studying the relationship between seasonal fluctuations in diversity and abundance, and biotope diversity (MORAL et al. 2004 , PIERRE et al. 2008 , MALVA et al. 2009 , LABRUYERE et al. 2016 , ADLAM et al. 2017 .
In Algeria, research on scarab beetles only started recently and these insects are still relatively poorly known in this country. The present study aimed to investigate, for the first time in the Souk Ahras region, the spatial and temporal variability in abundance and species richness of Scarabaeidae in two habitats of cork oak (Quercus suber L.) and zeen oak (Algerian oak) (Q. canariensis WILLD.) in the Ouled Bechih Forest.
MATERIAL AND METHODS

Study area
The study was carried out in the Ouled Bechih National Forest, situated in the highlands of eastern Algeria, north of the Souk-Ahras region, near the Tunisian-Algerian border. This forest covers an area of 6 582 ha and consists mainly of cork oaks and zeen oaks ( Fig. 1 ). It is characterized by mountainous terrain, a part of the Tellian range, with very steep slopes ranging from 15% to over 20%. The region has a sub-humid climate, an average annual temperature of 16°C, an average annual precipitation of 625 mm, and a significant atmospheric humidity 68% (Fig. 2) . 
Sampling
Samples were collected at 20 stations (10 in cork oak forest and 10 in zeen oak forest) (Table 1) from March to October 2017 ( Fig. 1) , depending on the variation in precipitation and temperature (Fig. 2) . Pitfall traps and bidirectional glass traps (air traps) were used to collect specimens. The trapping was done with cylindrical metal pots 15 cm deep and driven into the ground, filled 2/3 with salt water and vinegar. The transect method was used for the installation of traps: five per station were deployed in a line, with the minimum distance between them being fixed at 15 meters. This technique is considered to improve sampling efficiency (HOWDEN & NEALIS 1975 , LOPES et al. 2006 ) and is more effective at capturing the community of invertebrates that move to the soil surface (MERIGUET & ZAGATTI 2002) . This technique has also proved highly efficient for catching scarab beetles (GARDNER et al. 2008) .
The second technique involved 20-liter cans, pierced with small holes to allow rainwater to drain away, which were deployed 1.5 m above the ground (two traps per station) (BRUSTEL 2001) . This technique permits the better sampling of flying species (TOUROULT 2017).
Preparation and identification of specimens
Large specimens were identified on site. The remainder were preserved in 70% alcohol and identified in the laboratory under a compound binocular microscope (EZ4, LEICA) with the aid of keys (LERAUT 2013 , MALDANER et al. 2015 .
The specimens were also compared with the specimens in the collection from the Museum of the Algerian National Institute of Plant Protection (INPV). Some species were identified by specialists: Doumadji SALAEDDINE (ENSA Algeria) and GUY CHAVANON (University of Ouejda, Morocco).
Data analysis
Diversity indices such as total abundance, species richness, the Shannon-Weaver index and the equitability index "E" (SHANNON & WEAVER 1949) were used to compare the diversity and the degree of community complexity of Scarabaeidae species in the cork oak and zeen oak biotopes. The non-normality of the data was confirmed with the Shapiro-Wilk test (SHAPIRO & WILK 1965) . In addition, two nonparametric tests were performed: the Mann-Whitney U-Test to compare the richness and abundance between the two biotopes and the Kruskal-Wallis H-Test to compare the same indices during each month. The effect of seasonal variations and habitat preferences of scarab beetles were subjected to Correspondence Factorial Analysis (CFA). All the data were analyzed using XLSTAT software. 
RESULTS
A total of 6022 individual scarab beetles from 17 species were recorded, including 7 phytophagous, 9 coprophagous and 1 saproxylic ones, in 8 monthly samples (Table 2) . The highest number of species were collected in June (9 species) in the cork oak biotopes, and the lowest number in October (3 species) ( Fig. 3a) . The 6022 individuals were distributed as follows: 4341 in cork oak and 1681 in zeen oak ( Table 1 ). The dominant species as defined by abundance in the two biotopes were Copris hispanus (1221 individuals), Sisyphus schaefferi (1205), Teuchestes fossor (838) and Onthophagus taurus (600).
The highest number of individuals was recorded in cork oak in August (226 individuals) and in zeen oak in May (115). The fewest individuals were recorded in zeen oak in March (12 individuals) and in cork oak in October (70) (Fig. 3b ).
Five phytophagous species (Firminus punicus, Rhizotrogus sp., Protaetia morio, P. opaca and Tropinota squalida) and one saproxylic species (Oryctes nasicornis) were recorded only in cork oak. The highest abundance was recorded in late spring and early summer. Oryctes nasicornis was abundant from March to August; its numbers peaked in August (27 individuals).
The coprophagous beetles were the most abundant in spring and summer, subsequently decreasing in number in September and October. There were 123 and 116 individuals of O. similis and Teuchestes fossor respectively in April, 318 of Sisyphus schaefferi in May, and 216 and 114 of Copris hispanus and Onthophagus taurus respectively in June (Fig. 4) . other species were active throughout the 8 months and in both biotopes, with remarkable variations between the months: their activity was lower in October and September and higher between April and June. The minimum value of the Shannon-Weaver diversity index (H') was recorded in zeen oak (1.1 bits) during October and the maximum value was recorded in cork oak (2 bits) in June (Fig. 5a ).
The index of equitability "E" was always close to 1 between 0.80 and 0.98 bits. The maximum was recorded in zeen oak (0.98 bits) during September and the minimum (0.80) at the cork oak stations during June (Fig. 5b) .
The Mann-Whitney U-test indicated a significant difference (P < 0.001) in the richness and abundance of Scarabaeidae species between the two cork oak and zeen oak biotopes (Table 3) .
q Table 3 . Results of the Mann-Whitney U-test of scarab beetles (abundance and richness).
Study area
Mann-Whitney U-test (between two biotopes)
Abundance Richness U = 1403.5 P < 0.001 U = 2015.0 P < 0.001
The results of the CFA showed that the species were subdivided into three main groups, which could be found on the factorial plane of the F1 and F2 axes. The first two axes (F1 and F2) defined the main plane of the analysis and represent 61.92% of the information. The F1 axis provides 42.93% and the F2 axis provides 18.99% of the total inertia of the data (Table 4 ).
Table 4. Results of the Kruskal-Wallis H-test of scarab beetles (abundance and richness).
Kruskal-Wallis H-test (between months)
Abundance Richness
Cork oak H= 36.16 P < 0.001 H= 28.23 P < 0.001
Zeen oak H= 27.80 P = 0.001 H= 27.28 P = 0.001 Table 5a and Fig. 6 and show that Anisoplia sp., Colobopterus erraticus, Copris hispanus, C. lunaris, Teuchestes fossor, Bubas bubalus, Onthophagus taurus, Sisyphus schaefferi and Pentodon algerinus are well represented by the axes F1 and F2. These species have very high square cosine values in the factorial planes F1and F2, varying from 52.49 % to 98.16 %. The other species are close to the origin and have weak square cosine values, between 3.73 % and 30.52 %, because they are less well represented by the two axes (F1 and F2) ( Table 6 ). The first axis isolates two species: Anisoplia sp. and Copris hispanus. This group characterizes species with high activity in both zeen oak and cork oak biotopes in July: they have square cosine values of 57.08% and 94.09% respectively (Table 5b ). The second axis isolates three species: Bubas bubalus, Teuchestes fossor and Colobopterus erraticus. This group characterizes species with high activity at zeen oak stations in April, May, June and August (spring and summer): they have respective square cosine values of 66.11%, 66.26%, 86.93% and 88.18% (Table 5b ).
DISCUSSION
The present study Involved a monthly survey of the Scarabaeidae distribution in two biotopes (cork oak and zeen oak) in the Ouled Bechih Forest. Comparison of the species richness between the two biotopes showed that the cork oak biotope accommodated the greatest species richness. Phytophagous species were observed more frequently at the cork oak stations than at the zeen oak stations. The cork oak biotope is associated with an important plant diversity composed mainly of Calicotome spinosa (L.), Erica arborea L., Leucanthemum vulgare LAM., Eryngium tricuspidatum L., Asphodelus ramosus L. and Anacyclus clavatus (DESF.), which could form a favorable environment for phytophages because of the availability of food resources for their development.
There were highly significant fluctuations in species richness in both biotopes (P < 0.001) between months. This outstanding difference is caused by variations in climatic factors such as temperature and precipitation, which can influence the distribution of species (FEER & CERDAN 2006) . The species that manifested high activity levels during the flowering period (spring) were the phytophagous Scarabaeidae such as Protaetia morio, P. opaca and Tropinota squalida. This was also found by LAWRENCE & BRITTON (1994) , who mentioned that these species feed primarily on flowers; this result is also consistent with that obtained by SOUTHWOOD et al. (1979) and TILMAN et al. (1997) , who also explained that the diversity of phytophages is motivated by the plant diversity at the stations. The numbers of individuals caught during the study period indicate that the diversity of Scarabaeidae is higher in the cork oak forest, which favors the development of beetles in that fecal matter is available.
Indeed, feces are the essential food source for coprophagous species, which are known as bioindicators of grazing activity, widespread in the cork forests of north-eastern Algeria. These types of species contribute greatly to improving soil quality through recycling. This was observed by JULIEN et al. (2017) , who indicated that the abundance of coprophagous insects was the highest in feces. A.sp. -Anisoplia sp., B.bu -Bubas bubalus, C.er -Colobopterus erraticus, C. The variation in the abundance of Scarabaeidae between months was highly significant (P < 0.001). This was probably due to the variations in the weather conditions in each month, which act on the distribution and the activity of the species. The decrease in the scarab beetle abundance in September and October can be explained by the disappearance of leaves in this period, a major cause of the disappearance of the soil fauna (BORGES et al. 2005) .
Our results showed an increase in abundance during the summer, in contrast to the study of HALFFTER & MATTHEWS (1966) , who explained the decrease in abundance by the decrease in humidity and high air temperatures, which affect the nutritional value and availability of food for Scarabaeidae. Climatic factors effectively determine and largely influence the activity of insects and their development. With regard to the monthly monitoring of species abundance, most Scarabaeidae are active in spring and early summer in both biotopes, in which the most dominant species are Copris hispanus, Sisyphus schaefferi, Onthophagus similis and O. taurus; this tallies with the results of CARPANETO et al. (2007) . Several studies have shown that Sisyphus schaefferi is not limited to forest environments but prefers hard, dry soils and avoids sands and cultivated land (PAULIAN & BARAUD 1982) . These species are attracted by the food and not necessarily the biotope of oak, their preferred food resource being the excrement of sheep and goats (SCHMELTZ & GANGLOFF 2012) . These results are similar to those reported by HALOTI et al. (2006) and EL AICHAR et al. (2013) .
Onthophagus taurus and O. similis are persistent species, encountered throughout the study period. The genus Onthophagus is highly adaptable to different climates. However, these two species are sensitive to variations in food resources and not to climatic variations, a fact mentioned by CARPANETO et al. (2005) .
Teuchestes fossor is also active throughout the year. It reproduces during the cool and wet periods of the year, and larval development depends on small-sized feces. Its abundance was the highest at the end of the summer. Similar results were reported by FINN et al. (1999) , a study which also revealed an increase in the number of T. fossor.
Shannon-Weaver indices were higher in the cork oak biotope: this is therefore more diverse and offers a greater number of trophic resources. The study environment seems to be balanced and the species are distributed equally among the two biotopes. This was demonstrated by the equitability values, which were close to 1: a value of "E" approaching 1 reflects a rather stable distribution, +but when E approaches 0, this illustrates a hierarchical abundance that reflects a simple environment (DAJOZ 1971) .
The difference in the diversity of Scarabaeidae between seasons and both biotopes was also demonstrated by Correspondence Factorial Analysis (CFA), which revealed a clear distinction between the dry and wet seasons. The first group includes species that demonstrated heightened activity in July in both biotopes (Anisoplia sp. and Copris hispanus). The second group emphasizes high levels of activity in the zeen oak among coprophagous species such as Onthophagus taurus, Colobopterus erraticus, Teuchestes fossor and Bubas bubalus, since there is not much plant cover; moreover, because there is less interspecific competition, the coprophagous species can increase their activity in the zeen oak. The third group includes the species that prefer the cork oak in the period from March to August; this group is dominated by phytophagous Scarabaeidae such as Protaetia morio, P. opaca, Rhizotrogus sp. and Tropinota squalida, which prefer to congregate in spring in a very varied plant cover, as demonstrated by BOUKLI et al. (2014) . In addition, we also recorded coprophagous species such as Sisyphus schaefferi, Onthophagus similis and Copris hispanus, which share the same food sources.
During autumn, there is a drop in the overall activity of these species, including the phytophagous Scarabaeidae, which shows that there is seasonal and spatial segregation within this family. These results are also supported by the studies of EL AICHAR et al. (2014) in the El Kal region and by ERROUISSI et al. (2009 ERROUISSI et al. ( , 2011 in Tunisia.
CONCLUSION
This study aimed to evaluate the ecological diversity of Scarabaeidae in two oak environments (cork oak and zeen oak) and to test the influence of seasonal variations on their abundance and species richness. The species diversity of Scarabaeidae is greater in the cork oak forest than in the zeen oak forest. This diversity varied significantly with variation in climatic factors. Phytophagous species are more affected by seasonality and environmental variation than coprophagous ones which, in turn, are influenced much more by food resources. The Ouled Bechih Forest is an ideal ecosystem for the development of the majority of Scarabaeidae. The present study covered only one family of beetles, however. It would be interesting to get to know other families that are associated with other forest formations. To date, there have been only a few studies of Scarabaeidae in the Souk-Ahras region. Through this article we hope to draw the attention of researchers to the importance of these species in the functioning of forest ecosystems.
